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MEMORY INTERFACE CIRCUIT AND 
METHOD 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application claims the bene?t of US. provisional 
application Ser. No. 60/807,656, ?led Jul. 18, 2006, the con 
tents of Which are incorporated by reference herein. 

FIELD OF THE INVENTION 

The present invention generally relates to bus arbitration in 
computing systems, and more speci?cally to a memory inter 
face circuit and method. 

BACKGROUND 

Memory controllers are designed to interface to various 
types of memory, on behalf of one or more requesters (e.g. 
processors, peripheral devices, etc.). Typically, a memory 
controller is designed to provide certain latency and band 
Width characteristics. In general, it is desirable to provide loW 
latency and high bandWidth access to memory. HoWever, it is 
frequently the case that optimiZations made to reduce latency 
may reduce the bandWidth. 

Similarly, it is frequently the case that optimiZations made 
to increase the bandWidth lead to increased latency. Thus, the 
designer must often make choices betWeen loW latency fea 
tures and high bandWidth features in designing a memory 
controller. 

The latency and bandwidth characteristics of a given 
memory controller may be selected, e.g., based on the 
expected Workload of the memory controller. For example, 
memory controllers may often be optimiZed for processor 
accesses, in Which latency is often the key characteristic. 
Other types of Workloads may favor bandWidth over latency. 
For example, in netWorking environments, large numbers of 
packets may be Written to and read from memory. While loW 
latency for such accesses is desirable, having high bandWidth 
may be more important to ensure that the packets can be 
Written to and read from memory Without having to drop 
packets, or Without sloWing doWn the netWork packet tra?ic 
with How control. 

Reference is made to FIG. 1, Which is a block diagram of 
certain components that illustrate a manner in Which devices 
on a system bus are interfaced With external memory, in a 
manner that is knoWn in the prior art. For purposes of sim 
plicity, and better illustrating inventive features (by later ref 
erence to a comparative diagram of an inventive embodi 
ment), labels and designators for certain devices have been 
genericiZed. For example, the diagram of FIG. 1 illustrates an 
“External Interface” 10, Which is coupled to “External 
Memory” 12. The external interface 10 could be a memory 
controller, or alternatively could be another device or circuit 
(e. g., a specialiZed circuit) for interfacing With memory 12. 
As is knoWn, a system bus 20 may be con?gured to accom 

modate a number of devices, including a plurality of master 
devices 22, 24, and 26. In this regard, a master device generi 
cally refers to a device that is con?gured to be capable of 
assuming control of driving the system bus 20. That is, any 
device that can assume “mastery” of communications over 
the system bus 20, at any given time. As an example, a system 
bus 20 may be coupled to a large number of devices including 
multiple, independent processors, DMA controllers, print 
servers, and other devices. At any given time, any of these 
devices may be responsible for controlling the information 
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2 
that is placed on the system bus 20. Arbitration logic (not 
speci?cally shoWn) is provided to arbitrate the control over 
the bus 20, so that only one device has mastery or control of 
the system bus 20 at any given time. This concept and opera 
tion is Well knoWn, and need not be described herein. 
As is also knoWn, the various master devices 22, 24, and 26 

may, at times, communicate information With external 
memory 12. A bus interface (in the form of circuitry and/or 
logic) 30 is provided to interface the system bus 20 With 
external memory 12, or as illustrated in FIG. 1, With the 
external interface 10. Therefore, information communicated 
from, for example, Master N 26 to external memory 12 is ?rst 
communicated through bus interface 30, then external inter 
face 10 (Which may be a memory controller), then on to 
external memory 12. 
As is further knoWn, communication ?oW betWeen bus 

interface 30 and external memory 12 is further enhanced by 
buffers 40 and 45, Which are interposed betWeen the bus 
interface 30 and external memory 12 (or in the illustrated 
embodiment, betWeen bus interface 30 and external interface 
10). In knoWn systems, certain buffers 40 are designed as read 
buffers. Data is placed in read buffers 40 When it is sent from 
external memory 12 to a requesting master device. In this 
respect, When a master device issues a request to “read” data 
from external memory, the data is communicated from the 
external memory 12 to the bus interface 30 via read buffers 
40. LikeWise, When a master device issues a “Write” instruc 
tion, to Write data from the system bus 20 into external 
memory 12, such data is ?rst communicated through Write 
buffers 45. In situations Where multiple data items are read or 
Written in relatively immediate succession, the utiliZation of 
buffers 40 and 45 enhances the speed (and therefore data 
How) of these operations. 
As an example, consider a situation in Which master 22 

issues three consecutive Write instructions to Write data into 
external memory 12. Without the buffers, the ?rst item of data 
Would be passed through bus interface 30, external interface 
10, and Written to external memory 12. After the data Was 
Written into external memory 12, a con?rmation indication 
Would be passedback to the master 22, and after receiving this 
con?rmation, the master Would then initiate the Write of the 
next item of data. In contrast, in systems employing Write 
buffers 45, the master may, in virtually immediate succession, 
Write all three items of data into Write buffers 45. Thereafter, 
the external interface 10 and memory 12 Will receive the data 
items. Writing data in this fashion greatly expedites the How 
and alloWs the master 22 to relinquish the system bus 20, such 
that it is more accessible and available to other master devices 
coupled to the bus 20. A similar ef?ciency is gained through 
the implementation of read buffers 40. As such systems and 
circuits are Well knoWn, further detailed discussion need not 
be provided herein. 

Although these circuits provide certain performance and 
operational enhancements, they do suffer from various short 
comings. For example, consider a situation in Which master 
22 issues three consecutive Write commands to Write various 
data items into external memory. After issuing these com 
mands, master 22 relinquishes the bus 20. Further assume that 
master 24 issues a read request for data at an address that 
corresponds to one of the three items of data just Written by 
master 22. Speci?cally, assume that the system determines 
that the data requested by master 24 is presently in a Write 
buffer 45. Address comparison logic 50 is provided to make 
this determination, and through signaling provided via the 
bus interface 30, master 24 is instructed to Wait for this data 
(as it is not yet available). Instead, the master 24 has to Wait 
until the data is Written from the respective Write buffer 45 
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through the external interface 10 into external memory, 
before it is “available” to be read by master 24. 

The forgoing is merely one illustration of a situation in 
Which further performance enhancements are desired from 
the systems knoWn in the prior art. Therefore, there is a desire 
for this and other enhancements to be made to systems knoWn 
in the prior art. 

SUMMARY OF THE INVENTION 

Certain objects, advantages and novel features of the inven 
tion Will be set forth in part in the description that folloWs and 
in part Will become apparent to those skilled in the art upon 
examination of the folloWing or may be learned With the 
practice of the invention. The objects and advantages of the 
invention may be realiZed and obtained by means of the 
instrumentalities and combinations particularly pointed out 
in the appended claims. 

To achieve certain advantages and novel features, the 
present invention is generally directed to an interface circuit 
and method are described, in Which the interface circuit 
includes a plurality of bi-directional buffers and logic, 
responsive to a read request from a system component, con 
?gured to identify Whether the requested data presently 
resides in the plurality of bi-directional buffers and is destined 
to be Written from the bi-directional buffers to an external 
memory, Wherein the logic is further con?gured to supply that 
data from the bi-directional buffers to the requesting system 
component, Without ?rst Writing that data to the external 
memory. 

DESCRIPTION OF THE DRAWINGS 

The accompanying draWings incorporated in and forming 
a part of the speci?cation illustrate several aspects of the 
present invention, and together With the description serve to 
explain the principles of the invention. In the draWings: 

FIG. 1 is a block diagram illustrating certain components 
of a system knoWn in the prior art. 

FIG. 2 is a block diagram illustrating certain components 
of a system, comparable to the system of FIG. 1, constructed 
in accordance With an embodiment of the present invention. 

FIG. 3 is a block diagram illustrating certain components 
of an embodiment of the present invention. 

FIG. 4 is a block diagram illustrating certain components 
of an embodiment of the present invention. 

FIG. 5 is a How chart illustrating the top-level operation of 
an embodiment of the present invention. 

DETAILED DESCRIPTION 

Having summariZed various aspects of the present inven 
tion, reference Will noW be made in detail to the description of 
the invention as illustrated in the draWings. While the inven 
tion Will be described in connection With these draWings, 
there is no intent to limit it to the embodiment or embodi 
ments disclosed therein. On the contrary, the intent is to cover 
all alternatives, modi?cations and equivalents included 
Within the spirit and scope of the invention as de?ned by the 
appended claims. 

It is noted that the draWings presented herein have been 
provided to illustrate certain features and aspects of embodi 
ments of the invention. It Will be appreciated from the 
description provided herein that a variety of alternative 
embodiments and implementations may be realiZed, consis 
tent With the scope and spirit of the present invention. 
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4 
Reference is noW made to FIG. 2, Which is a block diagram 

of an embodiment of the invention. Speci?cally, the diagram 
of FIG. 2 illustrates components of a system that is compa 
rable to the system of FIG. 1, for better illustrating certain 
features and aspects of the inventive embodiment. Like the 
external interface 10 and the system bus 20 of FIG. 1, the 
inventive embodiment of FIG. 2 includes an external interface 
110 and system bus 120. A plurality of system components, 
such as master devices 122, 124, and 126, may be coupled to 
the system bus 120. A bus interface 130 is also illustrated. It 
Will be appreciated from the discussion that folloWs that, 
While a high-level functional operation of the bus interface 
130 is similar to the bus interface 30 of FIG. 1, internal 
components and logic of bus interface 130 Will include cer 
tain additional or different features, in accordance With 
embodiments of the invention. Central to embodiments of the 
present invention is the inclusion of bi-directional buffers 
160. In this regard, the embodiment of FIG. 2 includes a 
plurality of bi-directional buffers 160, Which can accommo 
date communications in both directions betWeen the bus 
interface 130 and external interface 110. 
From a top-level operational standpoint, the bi-directional 

buffers 160 fully accommodate read and Write operations in a 
similar manner to the read buffers 40 and Write buffers 45, of 
the embodiment of FIG. 1. That is, as information is Written 
from a master device through bus interface 130 to external 
memory (via the external interface 110), that information is 
Written through (or temporarily stored Within) one of the 
bi-directional buffers 160. One signi?cant enhancement, 
hoWever, of the embodiment of FIG. 2 (over that of the prior 
art) is the ability for devices on the system bus 120 to imme 
diately read data that currently resides in one of the buffers 
160 (that is in the process of being Written to external 
memory). In this regard, address check logic 200 is provided. 
As is illustrated, the address check logic 200 is coupled to 
both the bi-directional buffers 160 as Well as bus interface 
130. 
To illustrate this operation, consider an example of master 

device 122 sending three consecutive data items to be Written 
to external memory. These items are passed through bus inter 
face 130 and Written into three of the bi-directional buffers 
160. Consider further that this master device 122 relinquishes 
the system bus 120 and master device 124 issues a read for 
data from a memory address location that corresponds to an 
address location that one of the data items Written by master 
device 122 is destined to be Written to. Address check logic 
200 determines, from the external memory address, that the 
requested data is currently in one of the buffers 160. Rather 
than suspend the read operation of master 124 (as Was done in 
the prior art) until the data is ?rst Written to external memory, 
address check logic 200 is capable of con?guring the relevant 
bi-directional buffer(s) 160 to alloW the data to be immedi 
ately retrieved by the bus interface 130 and passed to the 
requesting master 124. This alloWs the bus interface 130 to 
substantially immediately satisfy the read request by master 
124, Without master 124 having to further Wait for the data to 
become valid in external memory before its read request can 
be satis?ed. In addition to the read request being promptly 
satis?ed (thereby alloWing master 124 to continue its process 
ing operations), this also eliminates the overhead and arbitra 
tion associated With the further arbitration of the system bus 
120 to communicate this information to master 124, after the 
data has been Written into external memory. 

Having described this high-level structure and operation of 
an embodiment of the invention, further details of this imple 
mentation Will noW be described. As is known, in most sys 
tems synchronization is provided through the utiliZation of 
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one or more clocks. For example, in the system illustrated in 
FIG. 2, a system clock 172 may be provided for synchroniz 
ing communications on the system bus side, While a memory 
clock 174 may be provided to synchronize communications 
With the external memory (and external interface 11 0). There 
fore, clocking signals that are provided on the bi-directional 
buffers 160 are con?gured so that the bi-directional buffers 
160 are synchronized by the appropriate clock signal. In one 
embodiment, clock select logic or circuitry 180 is provided to 
ensure that the appropriate clocking signal is coupled to the 
appropriate bi-directional buffer(s) 160. Therefore, in one 
embodiment, clock select circuitry or logic 180 includes, as 
inputs, both the system clock 172 and memory clock 174. 
Outputs of the clock select logic 180 are coupled to the 
individual buffers 160. It should be appreciated that, consis 
tent With the embodiments of the invention, the clock select 
logic 180 may be implemented in a variety of Ways. 

In one embodiment, as illustrated in FIG. 2, the clock select 
logic 180 may be implemented through the utilization of a 
plurality of multiplexers. Speci?cally, in this implementation, 
a plurality of multiplexers 182 may be provided in one-to-one 
correspondence With the bi-directional buffers 160, such that 
an output of each multiplexer 182 is directly connected (or 
otherWise coupled) to a clock input of the bi-directional buff 
ers 160. The system clock 172 and memory clock 174 signals 
may be directly connected (or otherWise coupled) to respec 
tive inputs of the multiplexers 182. Multiplexer select inputs 
184 are provided to control Which clock signal (system clock 
172 or memory clock 174) is selected by the multiplexers. In 
the illustrated embodiment, a single multiplexer select input 
184 is connected to the multiplexer select input of each of the 
multiplexers 182. 

In another embodiment (not speci?cally illustrated), the 
multiplexer select signals may be independently generated 
for each of the independent multiplexers. Such an embodi 
ment alloWs simultaneous communication betWeen certain 
buffer(s) 160 and the external interface 110 andbetWeen other 
buffer(s) 160 and the bus interface 130. Thus, for communi 
cations betWeen a buffer 160 and external interface 110, the 
multiplexer select signal line 184 Will be controlled to select 
the memory clock 174 signal for the synchronizing clock of 
the relevant buffer 160. Likewise, for communications 
betWeen a buffer 160 and the bus interface 130, the multi 
plexer select signal 184 cause the relevant multiplexer 182 to 
select the system clock 172 as the clocking signal for the 
respective buffer 160. 

In the illustrated embodiment, buffer management logic 
300 is also illustrated. Buffer management logic 300 is illus 
trated as being a part of the bus interface 130. As Will be 
appreciated by persons skilled in the art, hoWever, the buffer 
management logic 300 may be implemented separate and 
distinct from the buffer interface 130. In its broad function 
ality, the buffer management logic 300 operates to manage the 
certain operational aspects of the bi-directional buffers 160. 
Certain of the management aspects Will be described in more 
detail in connection With FIG. 4. HoWever, one such opera 
tional feature of the buffer management logic 300 includes 
the generation of the multiplexer select signal(s) 184 that is 
used to control the multiplexer select lines of multiplexers 
182. Similarly, in embodiments that include clock select logic 
180, Which does not incorporate multiplexers 182, buffer 
management logic 300 may include relevant logic for per 
forming a functionally similar operation. That is, in such an 
embodiment multiplexer select signals Would not be gener 
ated, but other signals may be generated to control or coop 
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6 
erate With the clock select logic 180 for ensuring the appro 
priate synchronization of the buffers 160 With system and 
memory clocks. 

Having described this top-level structural and functional 
operation of an embodiment of the invention, reference is 
noW made to FIG. 3, Which is a block diagram illustrating 
certain features associated With address check logic 200 of 
embodiments of the invention. As described in connection 
With FIG. 2, the address check logic 200 is con?gured to 
perform various operations, including a check of the data 
currently residing in the bi-directional buffers, to determine 
Whether data requested to be read or Written presently resides 
in those buffers 160. In the example presented in the context 
of FIG. 2, a master device issues a read request, and address 
check logic 200 determines that the buffers 160 contain data 
destined to be Written from the requested memory location. In 
such a situation, address check logic 200 operates, in connec 
tion With buffer management logic 300 to immediately direct 
data from the relevant data buffer 1 60 to the bus interface 13 0. 
Of course, the data Would remain Within the buffer 160 and 
ultimately be Written to the external memory location that the 
data is destined for. Similarly, if, instead of a read request, a 
master device issued a Write to an external memory location, 
and one of the buffers 160 presently contained data destined 
for that memory address, then the address check logic, again 
in cooperation With the buffer management logic 300, Would 
operate to simply overWrite the current value in the outgoing 
buffer 160. This Would eliminate successive Writes to the 
same external memory location. 

In keeping With the description of FIG. 3, address check 
logic 200 may include logic 210 that is con?gured to com 
municate or otherwise interface With the buffer management 
logic 300. Illustrations of this type of communication or 
interface have already been presented, and need not be 
repeated. In addition, persons skilled in the art Will recognize 
other features or aspects of such an interface, based upon 
design goals and implementations of various embodiments of 
the invention. Consistent With the examples presented above, 
the address check logic 200 may also include a Write manag 
ing logic 220 for managing Write operations (i.e., operations 
in Which a master device is Writing data to an external 
memory location). LikeWise, the address check logic 200 may 
include a read managing logic 230 for managing read opera 
tions (i.e., requests by master devices to read data from exter 
nal memory). In the context of Write operations, the Write 
managing logic 220 may have a second determining logic 
operated to determine 222 Whether a buffer 160 presently 
contains data destined for the memory address identi?ed in 
the Write instruction. If not, the Write managing logic 220 may 
have a Writing logic 224 provided to Write the current data into 
an available buffer. Otherwise, if a buffer 160 presently has 
data destined for the identi?ed address, then the Write man 
aging logic 220 may have a overWriting logic 226 provided to 
overWrite the contents of that buffer, With the current data and 
thereby minimize the number of buffers required as Well as 
minimizing communications betWeen the buffers 160 and 
external interface 110. 

LikeWise, in the context of a read operation, the address 
check logic 200 may include a ?rst determine logic 232, a 
read logic 234, and a retrieve logic 236. The ?rst determine 
logic 232 is for determining Whether a buffer 160 presently 
has data destined for the memory address to be read. If so, the 
read logic 234 may be provided to con?gure the appropriate 
buffer to provide the data directly to the bus interface 130 
(effectively alloWing the data to be read directly from the 
outgoing buffer Without ?rst having to be Written to external 
memory). OtherWise, if no buffer presently has data destined 
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for the requested memory address, then the retrieve logic 236 
may be provided to retrieve data from the external memory 
120, for example, the read operation may be queued up to read 
data from external memory through one or more of the bi 
directional buffers 160. 

Having described certain top-level features of the address 
check logic 200, reference is noW made to FIG. 4, Which is a 
block diagram illustrating certain top-level features of the 
buffer management logic 300 of an embodiment of the inven 
tion. Like the address check logic, Which includes logic for 
communicating With the buffer management logic, the buffer 
management logic 300, likeWise, includes a second commu 
nicate/interface logic 310 for communicating or otherWise 
interfacing With the address check logic. Depending on the 
particular implementation, this logic may be in the form of 
hardWare, softWare, or a combination of the tWo. Various 
appropriate implementations Will be appreciated by persons 
skilled in the art, and need not be described herein. In the 
illustrated embodiment, the buffer management logic 300 
may also include a detecting logic 320 for detecting When a 
master device issues a read request or a Write instruction 
destined for external memory. Either read or Write operations 
implicate the utiliZation of the buffers 160, and therefor pre 
cipitate other operations by the buffer management logic 300 
and/ or address check logic 200. One such operation is simply 
the synchroniZation of the buffers 160 With the appropriate 
system or signal clock. As described in connection With FIG. 
2, the buffer management logic 300 may include a generating 
logic 330 for generating an appropriate control signal for 
clock select circuitry. In one embodiment, this clock select 
circuitry or logic utiliZes multiplexers, and the generating 
logic 330 (in such an embodiment) generates appropriate 
multiplexer select signals. 

In addition, buffer management logic 300 includes a man 
age logic 340 that is con?gured to manage the assignment and 
designation of the various buffers 160. Among other aspects, 
this management includes the designation of the individual 
buffers as outgoing or incoming (i.e., read or Write buffers in 
a given context). For example, as data is communicated from 
the bus interface 130 into one or more buffers 160, to be 
Written to external memory, those buffers Would be desig 
nated as Write buffers. Conversely, as data is inbound from the 
external interface 110 and is Written into buffers 160, those 
buffers Would be designated as read buffers. As Will be appre 
ciated, there are a variety of Ways that this feature or operation 
may be implemented Within the buffer management logic 
300. One Way could be through the implementation of a 
translation table 345 Which, among other items or informa 
tion, may include a buffer number, a memory address or 
address range, an indication or ?ag indicating Whether the 
current operation for that memory address is a read operation 
or a Write operation. With regard to the buffer number, in an 
embodiment Which, for example, includes eight 32-byte buff 
ers, the buffer number may be a number of one through 8, 
Which indicates the particular buffer in question. As should be 
appreciated, the address check logic 200 may interface With 
the translation table 345 in determining Whether a currently 
requested address is presently contained Within the con?gu 
ration of buffers. To further explain, consider the example 
Where a device Writes data from the system bus to external 
memory. Before that data is Written to external memory, 
assume that it is Written in the second buffer. The appropriate 
entry in translation table 345 Would include a line having 
buffer number 2, the relevant external memory address cor 
responding to that buffer, and an indication in the read/Write 
column that the buffer is serving currently as a Write buffer. If 
a sub sequent read request Were initiated by the bus interface 
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8 
130 for information from that memory address, the address 
check logic 200 could determine from the translation table 
345 that the memory address requested is included in the 
table. Based on that comparison, the address check logic 
could control the corresponding buffer number to read the 
data from that buffer immediately into the bus interface 130 
for communication to the requesting device. 

It should be appreciated that the forgoing has presented 
only certain of a variety of embodiments for implementing 
concepts and features of the present invention. Again, a broad 
feature of the present invention is the implementation of 
bi-directional buffers (or buffers that can be con?gured for 
operation in either read or Write directions), and accompany 
ing logic that alloWs data presently residing in a buffer des 
tined to be Written to external memory to be immediately read 
from that buffer into the bus interface 130. Corresponding 
inventive methods are also provided. 

In this regard, reference is made to FIG. 5, Which is a How 
chart, illustrating the top-level operation of a method con 
structed in accordance With an embodiment of the present 
invention. In accordance With this embodiment, a method is 
provided for interfacing a system bus to a memory. The 
method comprises Writing data to a bi-directional buffer 
Within an interface, in response to an instruction to Write data 
from a device coupled to the system bus to the memory (step 
402). Thereafter, the method receives a request by a device 
coupled to the system bus to retrieve data from memory (404). 
The method then determines Whether the requested data is 
presently stored or contained Within the bi-directional buffer 
and aWaiting communication to the memory (406). Finally, 
the method retrieves the requested data from the bi-direc 
tional buffer for communicating the retrieved data to the 
requesting device, Without ?rst Waiting for the data to be 
Written to memory (408). 
The foregoing description is not intended to be exhaustive 

or to limit the invention to the precise forms disclosed. Obvi 
ous modi?cations or variations are possible in light of the 
above teachings. Further, the embodiment or embodiments 
discussed Were chosen and described to provide the best 
illustration of the principles of the invention and its practical 
application to thereby enable one of ordinary skill in the art to 
utiliZe the invention in various embodiments and With various 
modi?cations as are suited to the particularuse contemplated. 
All such modi?cations and variations are Within the scope of 
the invention as determined by the appended claims When 
interpreted in accordance With the breadth to Which they are 
fairly and legally entitled. 
What is claimed is: 
1. An interface circuit comprising: 
a plurality of bi-directional buffers, each of the plurality of 

bi-directional buffers having a clock input; 
a plurality of multiplexer circuits, Wherein the plurality of 

multiplexer circuits are con?gured such that there is a 
one-to-one correspondence betWeen the plurality of 
multiplexer circuits and the plurality of bi-directional 
buffers, Whereby each of the plurality of multiplexer 
circuits has an output that is coupled to the clock input of 
the corresponding bi-directional buffer; 

a memory clock signal coupled to an input of each of the 
plurality of multiplexer circuits; 

a system clock signal coupled to another input of each of 
the plurality of multiplexer circuits; and 

buffer manager logic con?gured to generate control signals 
for the multiplexer circuits, Which control signals inde 
pendently control the multiplexer circuits to select either 
the memory clock signal or the system clock for the 
bi-directional buffers. 
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2. The interface circuit of claim 1, Wherein the buffer 
manager logic is con?gured to generate control signals for the 
multiplexer circuits, such that the multiplexer circuits are 
con?gured to select the memory clock signals during times 
When the bi-directional buffers are communicating With an 
interface for external memory. 

3. The interface circuit of claim 1, Wherein the buffer 
manager logic is con?gured to generate control signals for the 
multiplexer circuits, such that the multiplexer circuits are 
con?gured to select the system clock signals during times 
When the bi-directional buffers are communicating With a 
system bus interface. 

4. The interface circuit of claim 1, further including address 
check logic, responsive to a read request from a system com 
ponent, con?gured to identify Whether the requested data 
presently resides in the plurality of bi-directional buffers and 
is destined to be Written from the bi-directional buffers to an 
external memory. 

5. The interface circuit of claim 4, the address check logic 
includes: 

a ?rst determine logic for determining Whether one of the 
bi-directional buffers presently has data destined for a 
memory address to be read; 

read logic is provided to con?gure an appropriate bi-direc 
tional buffer to provide the data directly to a bus inter 
face and thus effectively alloWing the data to be read 
directly Without ?rst having to be Written to the external 
memory; 

retrieve logic is provided to retrieve data from the external 
memory if no buffer presently has data destined for the 
requested memory address. 

6. The interface circuit of claim 4, Wherein the address 
check logic is further con?gured to control the bi-directional 
buffers to supply the requested data to the requesting system 
component, Without ?rst Writing that data to the external 
memory. 

7. The interface circuit of claim 4, Wherein the address 
check logic includes Write managing logic for managing 
Write operations in Which the system component is Writing 
data to the external memory, the Write managing logic 
includes: 

a second determine logic is operated to determine Whether 
one of the bi-directional buffers presently contains data 
destined for a memory address identi?ed in a Write 

instruction; 
Write logic is provided to Write a current data into an 

available buffer if the determine logic determines no 
data presently contained in one of the bi-directional 
buffers; and 

overWrite logic is provided to overWrite the contents of the 
bi-directional buffer With the current data if one of the 
bi-directional buffers presently has data destined for the 
identi?ed address. 

8. The interface circuit of claim 4, Wherein the buffer 
management logic includes: 

a second communicate/ interface logic for communicating 
or interfacing With the address check logic;detecting 
logic for detecting When the system component issues 
the read request or a Write instruction destined for exter 
nal memory; 

generating logic for generating the control signals; and 
manage logic is con?gured to include a translation table for 

managing the assignment and designation of the various 
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10 
buffers, the translation table includes a buffer number, a 
memory address or address range, an indication or ?ag 
indicating Whether the current operation for that 
memory address is a read operation or a Write operation; 

Whereby the address check logic interfaces With the trans 
lation table in determining Whether a currently requested 
address is presently contained Within the con?guration 
of buffers. 

9. An interface circuit comprising: 
a plurality of bi-directional buffers interposed betWeen a 

system bus and external memory; 
logic con?gured to control the communication of data 

through the plurality of bi-directional buffers, said logic 
being con?gured to select a clocking signal for each of 
the plurality of bi-directional buffers, Wherein the 
selected clocking signal being one of a system clock and 
a memory clock; and 

address check logic, responsive to a read request from a 
system component, con?gured to identify Whether the 
requested data presently resides in the plurality of bi 
directional buffers and is destined to be Written from the 
bi-directional buffers to an external memory. 

10. The interface circuit of claim 9, Wherein the address 
check logic is further con?gured to control the bi-directional 
buffers to supply the requested data to the requesting system 
component, Without ?rst Writing that data to the external 
memory. 

11. The interface circuit of claim 9, Wherein the clock 
select logic further comprises a plurality of multiplexer cir 
cuits having inputs for both the system clock signal line and 
the memory clock signal line and outputs coupled to clock 
inputs of the bi-directional buffers. 

12. The interface circuit of claim 11, further comprising 
buffer manager logic con?gured to generate control signals 
for the multiplexer circuits, Which control signals control the 
multiplexer circuits to select either the memory clock signal 
or the system clock for the bi-directional buffers. 

13. The interface circuit of claim 12, Wherein the buffer 
manager logic is con?gured to generate control signals for the 
multiplexer circuits, such that the multiplexer circuits are 
con?gured to select the memory clock signals during times 
When the bi-directional buffers are communicating With an 
interface for external memory. 

14. The interface circuit of claim 12, Wherein the buffer 
manager logic is con?gured to generate control signals for the 
multiplexer circuits, such that the multiplexer circuits are 
con?gured to select the system clock signals during times 
When the bi-directional buffers are communicating With a 
system bus interface. 

15. A method for interfacing a system bus to a memory 
comprising: 

Writing data to a bi-directional buffer Within an interface, in 
response to an instruction to Write data from the system 
bus to the memory; 

receiving a request by a device on the system bus to retrieve 
data from an address location in the memory; 

determining Whether data is presently stored in the bi 
directional buffer and aWaiting communication to the 
address location in the memory; 

retrieving the requested data from the bi-directional buffer 
for communication to the requesting device Without ?rst 
Waiting for the data to be Written to the memory. 

* * * * * 


